Direct detection of magnon spin transport by the inverse spin Hall effect Appl. Phys. Lett. 100, 082405 (2012) Ferromagnetic resonance of micro-and nano-sized hexagonal ferrite powders at millimeter waves J. Appl. Phys. 111, 07E113 (2012) Tuning the cation distribution and magnetic properties of single phase nanocrystalline Dy3Fe5O12 garnet J. Appl. Phys. 111, 07A517 (2012) Evolution of crystallographic texture and magnetic properties of polycrystalline barium ferrite thick films with Bi2O3 additive J. Appl. Phys. 111, 07A511 (2012) Field-induced magnetic transition in cobalt-ferrite J. Appl. Phys. 111, 07E308 (2012) Additional information on J. Appl. Phys. with xϭ0.32 were rf sputter deposited on fused quartz substrates at ambient temperature. The as-deposited films were found by x-ray diffraction to be amorphous but magnetic, and showed large high field susceptibility. The films were studied after they were annealed at various temperatures up to 850°C. It was observed that the films crystallize upon annealing and the value of the saturation magnetization increases with annealing temperature. The high field susceptibility, on the other hand, decreases with increasing anneal temperature. The measured ferromagnetic resonance spectra of these films indicated that the films consist of at least two different magnetic materials. A significant portion in the film crystallizes and the value of saturation magnetization of this portion tends to the bulk value as annealing temperature is increased. However, a small portion of the film remains in a highly defective state all through, even up to annealing temperatures of 850°C. The high field susceptibility data indicates that point defects could play an important role in determining the magnetic properties of these films.
I. INTRODUCTION
Recently there has been a spurt of activity in the area of magnetic ferrite films due to their potential application in magnetic recording and high frequency microwave devices. A large number of articles have recently reported various types of ferrite films prepared using different techniques. [1] [2] [3] [4] [5] [6] [7] Though the bulk properties of ferrites are fairly well understood, it is found that it has only rarely been possible to achieve all these properties when deposited in thin film form. Moreover, certain new phenomena have been noted in the case of thin films that are not clearly understood. Among these, one has been the significantly lower saturation magnetization (4M s ) of thin films in comparison to bulk. Values of 4M s varying from 47% to 90% of the bulk have been reported in various systems. [7] [8] [9] [10] Various improvements such as the deposition of buffer layers have been mentioned in literature to achieve higher 4M s values. 11 Another phenomenon that has been specific to ferrite thin films, has been the observation of a large high field susceptibility. 5, 6 There have not been many systematic studies carried out in sputter deposited ferrite thin films to investigate the evolution of saturation magnetization and other magnetic properties, and to understand the reasons of their difference from bulk materials. We have recently reported some studies on the rf sputter deposited LiZn ferrite films of composition Li0 0.5Ϫx/2 Mn 0.1 Zn x Fe 2.35Ϫx/2 O 4 with xϭ0, 0.16, 0.32, and 0.48. 12, 13 These films were deposited on fused quartz substrate and at ambient temperature. The x-ray diffraction study showed that the as-deposited thin films were amorphous. It requires annealing typically at a temperature of the order of 800°C to crystallize them in the spinel phase. This study showed that depending upon the deposition condition, the saturation magnetization values of the thin films annealed at temperatures between 750 and 800°C were much lower than bulk. This prompted us to carry out a detailed study of the magnetic properties of these films at varying annealing temperatures. In this article we report such a study for LiZn ferrite thin films for xϭ0. 32 .
II. EXPERIMENT
The lithium zinc ferrite films were prepared in a Leybold Z400 rf sputtering unit at a power of 120 W in argon atmosphere. The target-substrate distance was maintained at 4 cm. Films were grown on amorphous fused quartz substrates using a polycrystalline LiZn ferrite target of composition Li0 0. 34 Mn 0.1 Zn 0.32 Fe 2.19 O 4 . The target was prepared by the standard dry ceramic method. Cation deficiency of the order of 2% was introduced in the target material to obtain correct a͒ Electronic mail: shivap@phy.iitb.ernet.in densities and low dielectric losses. Mn was added as a sintering aid and to diminish the porosity and coercivity and to improve the remanence ratio. 14 Annealing was carried out on a fresh film each time for studies as a function of annealing temperature (T a ). The annealing procedure involved the insertion of the films into the furnace, after the desired temperature was attained. The films were kept in the furnace for two hours and then the furnace was switched off.
The compositional analysis of the deposited films was carried out using the electron probe microanalysis and energy dispersive analysis of x rays. The ferrite films revealed that the atomic percentages of Fe, Mn, and Zn were within 5% of the corresponding target material. Moreover, in our study on films with various Zn concentrations published earlier, 13 it was observed that the saturation magnetization of the films follows a similar trend, as in the bulk as a function of Zn concentration. We, therefore, infer that the deposited films more or less maintain the bulk composition.
The structural analysis was performed by x-ray diffraction ͑XRD͒. We used a Philips diffractometer model PW 1729 with Cu target. The M -H loops were measured at room temperature using a vibration sample magnetometer ͑VSM͒, model 4500, EG & G Princeton Applied Research Corporation USA. The contribution of the substrate was subtracted from the observed M -H loops. The M -H loops presented in this article are corrected loops. The saturation magnetization (4M s ) of all the films was determined from the parallel ͑i.e., the magnetic field applied parallel to the film plane͒ M -H loops. Tangential lines were drawn from the high field loops to the zero fields. The intercept on the y axis was taken as the value of saturation magnetization. The value of 4M s thus evaluated is expected to yield the spontaneous magnetization. The thickness of the film was measured using a profilometer. Unless otherwise specified, most of the data reported in the present article were taken on films that were approximately 3800 Å thick.
The ferromagnetic resonance ͑FMR͒ studies were carried out using an E-line Varian electron paramagnetic resonance setup. The room temperature and temperature dependent FMR spectra were recorded at frequencies of 9.5 and 9.07 GHz, respectively. Figure 1 shows the x-ray diffraction ͑XRD͒ pattern for some of our samples. An XRD pattern from a bulk sample has also been shown in the same figure for comparison. As is clear from the figure, the as deposited film did not show any diffraction peaks, indicating that the film is amorphous. The x-ray diffraction continued to show no diffraction peaks until T a р500°C. The film with T a ϭ600°C showed only the strongest ͑311͒ peak. For higher annealing temperature, more peaks start appearing. Though there are six peaks reported in the bulk in the given angle range, one does not see all these peaks in films even up to an annealing temperature of 850°C. The ͑440͒ and ͑422͒ peaks, which are of 31% and 14% intensity in the bulk, are not seen in any of the films.
III. RESULTS

A. XRD
Annealing at a temperature higher than 850°C, unfortunately destroyed the films due to diffusion from substrates. One thing that is quite clear from Fig. 1 is that we do not see the presence of any other crystalline phase in the films. It is reasonably well established that the substrate heating during deposition or postdeposition annealing is essential to crystallize the ferrite thin films. The x-ray diffraction study on the as-deposited barium and strontium ferrite films also showed them to be amorphous. 7, 15, 16 The absence of certain peaks in the thin films could be due to some sort of texture in the thin films.
B. Magnetic properties
We have recently reported some magnetic properties of these thin films especially the remanence ratio and the coercivity as a function of annealing temperature. 17 In the present article we concentrate more on saturation magnetization as a function of annealing temperature. Figure 2 shows the magnetization values as a function of the annealing temperature. A dashed line in the figure shows the bulk value of the magnetization. On the right ordinate the saturation magnetization has been expressed as the percentage of bulk. As is clear from the figure the as-deposited film, though magnetic, shows a very low magnetization of the order of 0.63 kG, which is about 13% of the bulk. The magnetization increases with annealing temperature and rises rather sharply for T a у500°C. However, even annealing at 850°C yields a magnetization, which is only 94% of the bulk.
It is interesting from this study that the as deposited films though found to be amorphous from x-ray diffraction study, do show M -H loop. This phenomenon is seen only in certain types of as deposited ferrite thin films. Sputter deposited barium and strontium ferrite films were not found to show any magnetic order in the as-deposited state. 16, 18 Copper ferrite films deposited by rf sputtering, on the other hand, were found to show a small magnetization of 0.8 kG which is of the same order as our samples. 19 Another interesting observation from Fig 2 is that the value of saturation magnetization keeps on increasing up to an annealing temperature of 600°C, even though no XRD peak is detected for these films. If we assume that the magnetic order requires a crystalline order, the present observation would mean that the as-deposited film consists of microcrystals not seen by x-ray diffraction. These crystallites grow in size as T a increases. Acharya et al. 20 have found direct evidence of such crystallites in the as-deposited strontium ferrite films from their transmission electron microscopic studies. A similar study carried out on our as deposited LiZn ferrite thin film also indicated the presence of small crystallites of approximately 5 nm in size. 21 Several workers 4, 8, [22] [23] [24] have observed a lower saturation magnetization in thin films than the bulk ferrites, and its increase with annealing temperature. Tsuchiya et al. 23 have even indicted that for Co and Li ferrite the increase of saturation magnetization with increasing heat-treatment temperature is related to a rise in the crystallinity. Figure 3 shows the in-plane M -H loops for the asdeposited film and the one annealed at 750°C. One of the interesting aspects seen from this figure is that the samples do not saturate even under the maximum applied field. Moreover, the high field susceptibility of the annealed sample is significantly smaller than the unannealed sample.
C. High field susceptibility
Patton and Liu 25 have studied high field susceptibility in a bulk LiZn ferrite system. They have observed the high field susceptibility to increase as a function of zinc concentration and to be significant only for zinc concentrations above 0.4. They have explained this phenomenon on the basis of canting. The high field susceptibility seen in our thin films are an order of magnitude higher than those reported by Patton and Liu. 25 Canting can, therefore, not be the reason of high field susceptibility in our thin films. Moreover, we have carried out a similar study in thin films that did not have any zinc in it. 26 The M -H loop for these films also showed a significant high field susceptibility of the same order as the samples with zinc concentration equal to 0.32. It is, therefore, definite that the presently observed high field susceptibility phenomenon is special to thin films.
Margulies et al. 5 and Venzke et al. 6 have also observed a high field susceptibility similar to us in Fe 3 O 4 and NiFe 2 O 4 films. They have termed this phenomenon as anomalous. Chikazumi 27 has discussed the approach to saturation problem in detail. If one-dimensional defects like point defects or fluctuations of magnetic anisotropy also play a role, the magnetization (4M ) at a given applied field ͑H͒ can be written in the following way:
where 4M is the actual value of magnetization that is observed at a field H, and Q, b, c, and e are constants. 
͑2͒
It was found that the data fits best when nϭ1/2 for the as-deposited as well as the annealed samples. The fitted data has been shown in the Fig. 4 . The value of Q and H* as a function of annealing temperature is also shown in Fig. 5 . As is clear, the value of Q is found to show a steady increase with annealing temperature. The value of H* on the other hand is found to decrease systematically with annealing temperature.
We would like to compare our results with those published earlier. Venzke et al. 6 have studied epitaxial NiFe 2 O 4 thin films deposited by 90°-off axis sputtering. They obtained the value of n to increase from about 0.4 for samples annealed below to 1000°C to about 1.0 for the samples annealed above this temperature. They have also found H* to decrease with annealing temperature. However, their value of H* was found to be very similar to the coercivity of their films. This made them suggest that the coercivity and H* are determined by the same changes in the microstructure of the film. Though the order of magnitude of H* found by us is of similar magnitude as that of Venzke et al., 6 we do not find coercivity values of our films to be similar. In fact, we found the coercivity of our samples to increase with increase in T a showing a maximum at 750°C. 13 Obviously this behavior is quite different from the one observed for H* as a function of annealing temperature by us. We feel, at least in our case, that both the decrease in the value of H* and the increase in the value of saturation magnetization with T a could be related to the crystallization phenomenon of the thin films. This point would be discussed further in later section.
Margulies et al. 5 have reported the high field susceptibility phenomenon in Fe 3 O 4 films sputter deposited at 500°C on crystalline substrates. They found nϭ1 to fit their data best. However, there is one very important difference between their data and ours. They find the value of Q to be very close to the bulk saturation magnetization. However, as is clear from Fig. 5 , our Q value actually increases with annealing temperature. It is only for 850°C annealing that the Q value is close to the bulk saturation magnetization value. This result is interesting because it shows that the film magnetization would not reach the bulk value even in infinite field. This point would be further discussed later.
D. Room temperature FMR
The perpendicular FMR spectra of some of our samples are shown in Fig. 6 . It is seen that the FMR spectra of the as-deposited sample and the sample with T a ϭ100°C show a single resonance peak at a field of the order of 4 kOe. As the annealing temperature increases, we start seeing two clear changes in the FMR spectra of the samples. One finds that the field of the high field mode starts increasing with the annealing temperature and another mode starts developing at the lower field side. For the sample annealed at 200°C a small shoulder is clearly visible on the lower field side of the main mode. This shoulder gets fully developed at T a of 400°C. At T a greater than 600°C, the two modes are well separated and well formed. The parallel FMR, on the other hand, shows a single resonance mode for all these cases.
In FMR of thin films, the multiple resonance modes can be observed for two reasons. First, the modes can be standing spin wave modes arising because of surface or bulk inhomogeneity. Second, the modes could be due to separate resonance from different regions of a randomly inhomogeneous film. In the case of former, the mode positions and intensities are very sensitive to the thickness of the film. Hence changing of the thickness of the film is expected to completely change the resonance spectra. To confirm this we carried out two experiments on a film annealed at 800°C. We decreased the thickness of the films by etching it in concentrated HCl for 50 min. This was expected to dissolve a thickness of approximately 1000 Å in the total thickness of 3800 Å of the film. After recording the FMR spectra of the etched film, a further etching for 90 min was carried out in concentrated HCl. In the second experiment FMR spectra was recorded for a film of smaller thickness ϳ1600 Å, deposited and annealed in identical conditions. All these FMR spectra were found to be identical to the original spectra without any shifts of modes. This confirms that the modes are not standing spin wave resonance modes. It is quite clear, therefore, that these multiple modes are arising because of randomly distributed inhomogeneous regions. Similar inhomogeneous regions were also found in case of sputtered GdCo films by the use of FMR. 31 To get a better idea about these inhomogeneous regions, the 4M s and the Lande's factor, g, was calculated for all the films using Kittel's equations.
Here is the angular frequency of the microwave used for the experiment, ␥ is gyromagnetic ratio, and H Ќ and H ʈ are the experimental resonance field in perpendicular and parallel configurations, respectively. Kittel's equations assume that the modes seen are due to uniform precession. This may not be strictly true when more than one resonant mode is seen. Nevertheless, in view of our etching experiments, we assumed that the exchange shifts are small and the two perpendicular modes are nearly uniform.
The value of 4M s and g calculated from the highest field mode in perpendicular resonance and the parallel resonance is shown in Fig. 7 . In this figure, the values of 4M s obtained from VSM are also shown for the sake of comparison. Two important points emerge from this study. First, the values of 4M s obtained from FMR and VSM match well. This, further, indicates that the assumption of negligible exchange shift may not be very bad. Second, the value of g is found to be abnormally large for T a р400°C. Only in the range T a у500°C, the value of g is within the acceptable range.
The above argument indicates that for the low annealing temperatures, the mode is somewhat anomalous, while the high field mode in the samples with large annealing temperatures does follow the expected behavior. To get more insight into the matter we carried out FMR studies at a different temperature.
E. Temperature dependence of FMR
The FMR measurements were carried out in the temperature range of 77-298 K on the as-deposited film and films with T a ϭ200 and 400°C. The measurements were also carried out in the range 298-573 K for samples with T a ϭ600, 750, and 850°C.
The measurements indicated that for the as-deposited sample and the samples with T a ϭ200 and 400°C, a small intensity shoulder starts appearing on the high field side of the main mode in perpendicular configuration as the temperature is lowered. However, the field for both the shoulder and the main mode is found to decrease as the temperature goes down. The field for parallel resonance is also found to decrease as the temperature is lowered. The value of saturation magnetization and g calculated from the main mode and the high field shoulder of perpendicular resonance and the only parallel resonance mode, is shown in Figs. 8͑a͒ and 8͑b͒ for the as-deposited sample. As is obvious from the figure the saturation magnetization calculated from the high field shoulder shows a decrease as a function of temperature but the value of g is abnormally large at low temperatures. The saturation magnetization calculated from the perpendicular main mode, on the other hand, hardly shows any variation with temperature. The g value also is very large for this mode. This temperature variation of 4M s obtained from the main mode is somewhat surprising because it is normally expected to increase as the temperature goes down.
The high temperature measurement on samples with T a ϭ600, 750, and 850°C indicates that the field for higher field mode decreases and that of lower field mode increases as the temperature increases. The parallel mode field is found to increase with temperature increase as before. The value of saturation magnetization and g calculated from both the modes and the only parallel resonance mode for the 750°C annealed film is shown in Figs. 8͑c͒ and 8͑d͒ . Unlike the previous case, the value of saturation magnetization calculated from higher field perpendicular and the only parallel mode decreases as a function of temperature. The value of g is also found to be of the correct order of magnitude. However, the value of 4M s and g calculated from the low field mode continues to remain anomalous like before. Figure 9 shows the value of saturation magnetization calculated from the high field mode plotted against the one obtained from VSM for a sample with T a ϭ750°C. As one can see there is a good match between the two values. Figure 10 shows the ratio of the area under the high field mode to the lower field one, as a function of the annealing temperature. As seen from the figure this ratio increases as a function of the annealing temperature. This indicates that on heating, the volume of the thin film material, which is responsible for giving a low field resonance, decreases. The presence of low field mode even after annealing at 850°C shows that even at this temperature there exists a portion of the film, which continues to resonate at low fields.
In some other systems also, an anomalous temperature dependence of FMR field similar to the one seen for the low field mode has been observed. Owen et al. 32 have found this FIG. 7 . ͑a͒ The saturation magnetization (4M s ) and ͑b͒ Lande's g factor of LiZn ferrite films evaluated from FMR, as a function of annealing temperature T a . ͑A curve has been drawn as an aid to the eye.͒ type of behavior in dilute alloys of Mn in Cu. They have explained this as arising due to antiferromagnetic resonance. Jamet and Malozemoff 33, 34 have also observed a similar behavior in amorphous sputtered GdAl thin films. They interpreted the cause of this as an effective anisotropy field arising due to local demagnetization fields of the inhomogeneous magnetic systems. Nagata and Ishihara 35 have performed electron spin resonance studies on MnZn ferrite particles dispersed in solid kerosene and they also observed that the resonance field moves to lower field as the temperature is decreased. This shows that the anomalous temperature dependence of low field mode could be related to presence of some small-crystallized regions with complicated magnetic order. Recently Fukui et al. 36 have also observed certain anomalies in FMR in garnet films with uniaxial anisotropy and have related this to the magnetization process. The single crystal ͑YbTbBi͒ 3 Fe 5 O 12 films showed a low field FMR mode very similar to our case. The mode observed by them was seen both in perpendicular and parallel position. The field of resonance was found to be both angle and frequency independent. Fukui et al. 36 felt that that this low field mode arose from ''domain modes'' FMR which is due to the presence of domain walls. However, we feel that the low field mode seen in our film is not due to domain modes because of the following reasons. First, we do not expect uniaxial anisotropy in our films and thus in parallel configuration, the domains are not likely to be present in an applied fields of the order of 2 kOe. This is approximately the field at which the anomalous resonance is seen in parallel configuration in the as-deposited samples and the samples annealed at low temperatures. Second, the field position of the anomalous mode is not the same in the perpendicular and parallel configuration, indicating that the mode actually depends on the angle. Third, the splitting of the mode at lower temperatures and the increase of the area ratio with the increase of the annealing temperature point out that the anomalous mode is arising only from a small portion of the film with a complex local magnetic structure.
IV. DISCUSSIONS A. Crystallization of thin films and magnetic order
A comparison of our crystallization study using XRD and the observed increase of magnetization with annealing temperature in our films, clearly points out that the development of saturation magnetization is related to the crystallization phenomenon. The sharp increase in 4M s at around 600°C, where XRD peaks also start showing up is an evidence of this. We can get a better idea about the crystallization behavior by examining the relationship between the M -H data and FMR results.
The value of nϭ1/2 obtained from the fitting of M vs H data shows that the point like defects or anisotropy fluctuation at atomic level dominate both the as deposited and annealed sample. The decrease of H* as a function of annealing temperature further indicates that these defects decrease as a function of annealing temperature. The ferromagnetic resonance study gives us a further clue. In the as-deposited sample and the sample annealed at 100°C, there is only one mode seen which shows an anomalous behavior. As the annealing temperature increases, two modes start becoming visible. However, both of them show an anomalous temperature dependence and give wrong value of g. It is only in the samples, annealed at temperatures higher than around 600°C, that the high field mode starts to behave in a nonanomalous fashion. It is interesting that even after annealing at 850°C, the low field mode continues to show anomalous behavior.
From the above discussion, we feel that when crystallization takes place in our thin films, it proceeds in such a fashion that there are at least two different portions in the film. A significant portion in the film ͑A͒ tends to crystallize with an increase in annealing temperature. The high field FMR mode corresponds to this portion. A small portion of the film ͑B͒, on the other hand, continues to remain in a highly defective state all through, even up to annealing temperatures of 850°C. The low field FMR mode corresponds to this portion. Initially both these portions are in some particular magnetic state that is defect dominated. The portion A gets into a proper magnetically ordered state after annealing at about 600°C. The increase of area ratio of high to low field mode with annealing temperature points out that the volume of portion B decreases with annealing temperature.
Last, the portions A and B, are spread uniformly throughout the film. This was confirmed by the etching experiments, where we hardly found any changes in the field and the intensity pattern of the two modes. The splitting of various modes at different temperature points out to the complicated magnetic nature of inhomogeneities, local field, or exchange coupling.
B. Lower magnetic moment in thin films in comparison to bulk
Before we discuss possible reasons for lower saturation magnetization of thin films in comparison to bulk, we should differentiate between Q and 4M s as seen by VSM and FMR. The 4M s determined by VSM, is the spontaneous magnetization of the films at a field tending to zero. The 4M s determined from FMR, on the other hand, is the value of magnetization at an effective ''internal field'' when at resonance. The value of Q is the value of the magnetization at which the magnetization is expected to saturate in infinite field. In case there is no high field susceptibility, all these three values are expected to be same. In case of high field susceptibility we expect QϾ4M s (FMR) Ͼ4M s (VSM). In our case we always observe Q Ͼ4M s (VSM). We also notice from Fig. 7 that for low T a samples we do seem to observe 4M s (FMR) Ͼ4M s (VSM). However, in FMR there are many other experimental uncertainties like the presence of a small amount of exchange shift or anisotropy because of which we may not always find the above inequality to be true.
One of the reasons that the spontaneous magnetization of the films is the same as that of bulk material, is the presence of a high field susceptibility in the thin films. This, as discussed before, is caused by the presence of defects. But what we feel more interesting, is that even the Q value of the film is not equal to the saturation magnetization of the bulk, except for samples with T a ϭ850°C. This means that even at an infinite magnetic field we would not see the moment of the film grow to the bulk magnetic moment. One of the pos- FIG. 10 . Area ratio ͑area of main mode/area of low field mode͒ obtained from FMR as a function of annealing temperature T a . ͑A curve has been drawn to aid the eye.͒ sible reasons for this could be dilution of the material with poorly crystallized or defective region B, which has lower saturation magnetization than bulk as is obvious from the low field mode in FMR. However, it cannot be the only reason. Our FMR results indicate that the high field mode does not give a value of 4M s equal to bulk, but yields a value close to the one obtained from VSM. This is a clear indication that the region A in the film is itself of a lower 4M s . Had this not been so, the FMR being a microscopic technique should have shown a high field mode corresponding to the bulk value. To confirm whether there is any other FMR mode present at higher fields, we carried out an angular dependence of FMR. This clearly showed that no FMR mode is seen corresponding to the bulk value of 4M s .
It is not clear what could be the reason for the portion A of the film to have a 4M s value lower than the bulk. The fact that the increase of Q as a function of annealing temperature is accompanied by a decrease in H*, supports the idea that the reason for the lower value of 4M s could also be the presence of defects. The bulk material, in properly crystallized form, has a ferrimagnetic order. Various exchange constants between the sublattices govern the saturation magnetic moment. 37 Obviously any local perturbation can cause changes in the sublattice moment and the exchange constants, thus affecting 4M s . As the value of n was found to be equal to half while fitting M vs H data, we feel that point defects may be the cause of these perturbations.
V. CONCLUSIONS
The as deposited LiZn ferrite films are amorphous as seen by x-ray diffraction. On annealing these films at various temperatures it is possible to progressively crystallize them to a spinel phase. These films crystallize in such a way that there are at least two regions in the thin films. One of these regions crystallizes upon annealing at temperatures of the order of 600°C, albeit with a lower saturation magnetization than bulk. The saturation magnetization of this region increases with an increase of annealing temperature. Another region, on the other hand, is defect dominated but has magnetic character. This region continues to show anomalous magnetic properties even up to an annealing temperature of 850°C, though the relative volume occupied by this region decreases with annealing temperature. The ͱH dependence of high field magnetization and the increase of intercept (Q) and the decrease of the slope (H*) with annealing temperature indicates that point defects may be important in determining the properties of the LiZn ferrite thin films.
